
Theor Appl Genet (1988) 75:492-497 

�9 Springer-Verlag 1988 

Comparison of methods of determining stability and adaptation 
of sweet potato* 

J. L. B a c u s m o  **, W. W.  Coll ins  1 a n d A .  J o n e s  2 

I Department of Horticultural Science, North Carolina State University, Raleigh, NC 27695-7609, USA 
2 USDA Vegetable Laboratory, Charleston, SC 29407, USA 

Received January 20, 1987; Accepted August 19, 1987 
Communicated by A. R. Hallauer 

Summary. Four methods were used to determine sta- 
bility and adaptation of sweet potato (lpomoea batatas 
L. Lam.). Data from 14 sweet potato clones evaluated 
over 14 environments were used. Regression coeffi- 
cients provided little information with regard to sta- 
bility but did provide information on response of indi- 
vidual clones. Stability parameters using three of the 
four methods were highly correlated. The fourth 
presented different ranking patterns of stability than 
the other methods. However, the top five stable clones 
identified by the four methods were almost the same. 
Two methods were more effective and convenient in 
discriminating sweet potato clones based on their 
stabilities. Clones W151, 'Resisto', and W192 were more 
stable for no. 1 root yields. W151 and W192 were also 
stable for total root yields. 
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Introduction 

The importance of genotype-environment interactions 
( G x E )  in crop improvement has been known for 

* Paper no. 10832 of the Journal Series of the North Caro- 
lina Agricultural Research Service, Raleigh, NC 27695-7601, 
USA. Mention of a trademark or proprietary product does not 
constitute a guarantee or warranty of the product by North 
Carolina Agricultural Research Service nor does it imply 
approcal to the exclusion of other products that may be 
suitable. This article is from a thesis submitted by the senior 
author in partial fulfilment of the requirements for 1 Ph.D. 
degree. 
** Present address: V1SCA, Baybay, Leyte, Philippines 

decades (Hanson 1970). It is well documented that in 
the presence of G •  relative ranking of genotypes 
and/or the magnitude of differences between genotypes 
change from one environment to another. Thus, geno- 
type-environment interactions present major problems 
in comparing performance of genotypes across envi- 
ronments, particularly if large numbers of genotypes 
and environments are involved. Statistics for assessing 
the stability (consistency) of  genotypic performance in 
different environments are necessary to aid breeders in 
the selection of superior cultivars in terms of yield and 
stability. 

One of the early attempts to measure stability was 
made by Plaisted and Peterson (1959) who estimated 
the variance component of cultivar• inter- 
actions for each of the possible pairs of  cultivars tested. 
The average of the estimates for all combinations using 
a common cultivar was considered a stability measure. 
Wricke (1962) proposed the use of  ecovalence, which is 
the contribution of a genotype to the G •  sum of 
squares. Shukla (1972) also developed a method which 
partitioned the G •  E sum of squares into components 
attributable to individual cultivars. He proposed a 
criterion for testing the significance of the stability 
variance of each cultivar and extended the model to 
allow for the removal of linear effects due to covariates. 
Kang and Miller (1984) evaluated the methods of 
Plaisted and Peterson (1959),Wricke (1962), and 
Shukla (1972) in determining the stability of sugarcane 
(Saccharum spp.) cultivars. The method of Plaisted and 
Peterson (1959) was found to be cumbersome. Hence it 
would have little significance when a large number of 
varieties were evaluated. Wricke's (1962) and Shukla's 
(1972) methods were equally effective but, Shukla's 
method is more effective than Wricke's in the presence 
of covariates. 
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Other stability measures make use o f  the regression 
approach. Finlay and Wilkinson (1963) used linear 
regression of  mean individual yield, measured on a 
logarithmic scale, on the mean yield of  all cultivars for 
each environment. Cultivars with low b values were 
considered stable and those with high b values were 
unstable. Eberhart and Russell (1966) regressed mean 
yield on an environmental index calculated as mean 
yield of  all genotypes in an environment minus the 
mean of  all environments. The sum of  squared devia- 
tions (Sd 2) from linear regression was included in the 
measure of  stability. A stable cultivar was defined as 
one with b--1 .0  and Sd2=0. Tai (1971) developed a 
method similar to that Eberhart  and Russell (1966) in 
the sense that both analyses attempted to determine the 
linear response of  a variety to environmental effects. 
However, the procedures in estimating the parameters 
differ. Tai used parameters & for the linear response of  
the ith variety to environmental effects and ] for the 
deviation from the linear response. A perfectly stable 
cultivar was defined as one with & = -  1.0 and ~. = 1.0. A 
cultivar with & = 0  and I =  1.0 was regarded to have 
average stability. 

Hanson (1970) proposed that relative stability be 
measured as the euclidian distance of  a cultivar from 
the linear response of  an ideal genotype in a space 
whose coordinate axes were environments and whose 
origin was the genotypic mean. He also proposed 
measurement of  comparative stability between geno- 
types as the euclidian distance between the genotypes 
compared. Sukarso and Engle (1983) developed a 
model in which an ideal genotype was defined as 
having maximum performance in all environments, and 
a high degree of  homeostatic properties within a 
specific condition, thus stable. 

Sweet potato has long been observed to be very 
sensitive to environmental changes. Carpena etal.  
(1982) reported that sweet potato cultivars in the 
Philippines were sensitive to genotype environment 
interactions. Few breeding programs in sweet potato 
employ stability measures as selection criteria, and 
most of  the aforementioned methods to measure sta- 
bility have not been studied in sweet potato. This study 
was conducted to compare the effectiveness of  different 
stability parameters in determining the stability and 
adaptability o f  sweet potato clones and to identify 
sweet potato clones with high stability. 

Materials and methods 

Fourteen sweet potato clones and experimental selections were 
tested over four locations during the 1983 and 1984 planting 
seasons. The four locations were Clayton, Clinton, and Castle 
Hayne, N.C., and Charleston, S.C. In each location, the clones 

were evaluated in fertilized and unfertilized plots. Fertilization 
was according to recommended grower practices (Wilson et al. 
1980). Unfertilized plots had no nutrient applications before or 
during the growing season. All unfertilized plots followed corn 
(Zea mays L.) in rotation. Other than fertilization, cultural 
practices were as uniform as possible and as required by the 
particular environment. 

A randomized complete block design with four replica- 
tions of single-row plots of 25 plants each was used. Plots were 
spaced 105 cm and plants within plots 30cm. Plants were 
harvested approximately 120 days after planting. Storage roots 
were sorted into four grades based on size and physical 
condition. Weight of roots for each grade and total number 
and weight of roots were obtained. Total root yields and US 
no. 1 root yields are reported. 

Analyses of variance were computed for each test and 
combined analyses of variance were computed for US no. 1 
root yields and total root yields. Environment effects were 
considered random and cultivar effects were fixed. The 1984 
tests (fertilized and unfertilized) in Charleston, S.C., were 
excluded in the combined analyses of variance due to high 
error variances. 

The following stability parameters were estimated: a) b 
and Sd 2 (Eberhart and Russell 1966); b) & and ~ (Tai 1971); c) 
D 2 (Sukarso and Engle 1983); d) b a and s 2 (Shukla 1972). 
Stability variances for the 14 cultivars were computed accord- 
ing to equation number 11 of Shukla (1972). Effects of 
covariate were removed using Eq. 16 of Shukla (1972). 

Spearman rank correlation coefficients were calculated be- 
tween pairs of all stability parameters used. Significance of 
rank-correlation coefficient differences were tested according 
to Steel and Torrie (1980). 

Results and discussion 

Combined analyses of  variance for US no. 1 and total 
root yields are given in Table 1. The mean squares for 
environments, clones, and G •  were significant 
(P<0.01)  for both traits, indicating differential re- 
sponse of  clones relative to each other at different 
environments. The magnitude of  variance components 
due to G x E  (O2ge) was twice the magnitude of  vari- 
ance due to clones (oag) for US no. 1 root yield and 
about equal for total root yield (Table 1). Mean yields 
of  the 14 clones across environments are shown in 
Table 2. For US no. 1 root yield W151, Pope, NC727, 
and W192 had the highest yields. For total root yields, 
'Redmar '  had the highest yield followed by W151, Pope, 
NC727, and W192. 'Tinian' gave the lowest yield for 
both grades. Yields ranged from 5.03 to 14.22 t /h  for 
US no. 1 roots, and 9.46 to 26.56 t /h  for total yield. A 
high correlation of  total and US no. 1 root yields 
(r=0.96) was observed. This suggests that the bulk of  
total yield was composed of  US no. 1 roots, or that 
cultivars which had high US no. 1 root yields also gave 
high yields of  other root grades. 

Estimates of  stability parameters are given in Ta- 
ble 3 for US no. 1 root yields and in Table 4 for total 
root yields. Results based on regression coefficients (b) 
alone indicate that a majority of  clones have b values 
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Table 1. Analyses of  variance and variance components for US 
no. 1 and total root yields of  14 sweet potato clones 

Mean square Variance 
components 

Source df US no. 1 Total US no. 1 Total 

Environ- 13 3,702.20* 6,274.41" 65.84 111.02 
ment (E) 

R e p / E  42 14.71 * 57.38" 0.36 2.36 
Clone (G) 13 341,69" 1,161.92" 5.11 20.31 
GxE  169 55.05" 92.53" 11.34 17.07 
Error 546 9.66 24.26 9.66 24.26 

* Significant at 5% level of  confidence 

Table 2. US no. 1 and total root yields (t/h) of  14 sweet potato 
clones averaged over 14 environments' 

Clone US no. 1 Clone Total 

W192 14.22 ~ R e d m a r  26 .56 '  
W151 14.21 ~ W151 25.82 ~ 
Redmar 13.27 ~ W192 25.24 '~' 
NC727 13.87 ~ NC727  25.01 ~ 
Pope 14.00' Pope 24.66 ~~ 
W199 12.66 ~ W199 23.80 ~ 
W152 11.96 a~ W152 23.39 ~* 
Resisto 12.42 ~ Resis to 22.82 ~~ 
Jewel 12.92 ~ Jewel 22.76 a'~ 
N C  Porto Rico 10.63 ~ N C  Porto Rico 21.71 '~ 

198 198 
NC915 10.96 ~ NC915 20.93 ~ 
NC939  9.68~ NC939  17.52 
W190 10.51 rg W190 17.22 
Tinian 5.03 ~ Tin ian  9.46 ~ 

Mean 11.88 21.92 

Means having letters in common are not significantly dif- 
ferent at 5% level as tested by Duncan's Multiple Range Test 

not significantly higher than b = 1.0. Thus, other than 
Redmar, W192, and Tinian the rest of the clones can be 
considered stable for US no. 1 roots. This observation 
clearly disagrees with the results from other stability 
parameters used. Langer etal. (1979) and Bilbro and 
Ray (1976) emphasized that regression coefficients 
should be used as a measure of response to varying 
environments and a logical measure of stability should 
be deviation from regression. Considering this concept, 
b values indicate that Redmar and W192 are both 
adapted to better growing environments and did not 
perform well in poor environments. Tinian, on the 
other hand, consistently performed poorly over all 
environments. For total root yield Redmar, W152, 
W192, and NC727 performed particularly well in better 
growing environments. Linear regression accounted for 
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54%-97% and 61%-96% of variation in US no. 1 root 
yield and total root yield of individual clones, respec- 
tively. Low coefficients of  determination were obtained 
for US no. 1 and total root yields of Tinian. 

For US no. 1 roots, W151 has the lowest sa 2 value 
followed by NC939. Redmar, NC915, and NC727 had 
highest Sd 2 values. NC939, W190, and W192 had lower 
Sd 2 values for total yield. Considering the Eberhart and 
Russell (1966) definition of stability (b= l .0 ,  Sd2----0), 
W151 can be considered as the most stable of the 14 
clones tested for US no. 1 yield. Although NC939 also 
had a regression coefficient equal to 1.0 and sa 2 equal 
to 0, root yield was below average. For total yield, 
W190 and NC939 were the only clones fitting the 
description of stability based on both parameters. Total 
yields for both clones were below average. Therefore 
there is no clone identified of above-average perfor- 
mance which is stable for total root yield with this 
definition of stability. 

Tai's (1971) & stability parameter gave similar 
ranking patterns to Eberhart and Russell's (1966) b 
stability parameter. Tai's (1971) second stability param- 
eter (2) identified more genotypes as unstable than the 
mean squares from regression. W151 and NC939 had 
2= 1.0 for US no. 1 root yield and also had nonsig- 
nificant & values. Based on the definition of stable 
cultivars by Tai (1971), W151 possesses average stability 
for US no. 1 root yield. NC939 also possesses average 
stability but with below-average yield. On the other 
hand, W151 gave consistently above-average yields. For 
total root yield, NC939 and WI90 had nonsignificant ~. 
values combined with & = 0, but gave low yields across 
environment. Clones with nonsignificant )l values had 
significant & values, and thus were classified as un- 
stable. 

Estimates of  D 2 presented in Tables 3 and 4 showed 
that W151, W192, and Pope have values not signifi- 
cantly different from a stable genotype. All of these 
clones gave higher US no. l root yields. For total root 
yields W151, W192, and Redmar were identified as 
stable genotypes. 

Shukla's (1972) 0 ~ parameter showed that for US 
no. 1 root yields, W151 was the most stable clone 
followed by W190 and NC939. 'Resisto' and 'NC 
PR 198' were shown to be unstable although these 
clones were ranked among the top five with small 62 
values. An extension of the model developed by Shukla 
(1972) to remove the covariate was used (s2). W190, 
which was initially identified as stable, was not stable 
after the covariate was taken into consideration. How- 
ever, W190 remained in the top five clones with small 
s 2 values. The ranking pattern of s 2 agreed with those 
obtained from Eberhart and Russell's (1966) Sd 2 
stability parameters. For total root yields, W190 and 
NC939 were classified as stable based on b ~ stability 
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parameter. After the removal of the covariate effects, 
NC939 was stable and the ranking pattern changed. 

Conclusion 

Four methods were used to provide estimates of sta- 
bility parameters for 14 sweet potato clones. The 
Eberhart and Russell (1966) and Tai (1971) methods 
are related: i.e., & is equivalent to b-1 and ~ is equiva- 
lent to sd 2 (MSE/number of replications) when a large 
number of cultivars and/or  a large range of environ- 
ments are used for a series of trials. Consequently, the 
rank correlation coefficients of b and & values are equal 
to 1.0. The rank correlations of sd 2 and ~. were similarly 
high both for US no. 1 root yields and total yields, 
suggesting that either of the two parameters would be 
satisfactory for selecting desirable clones. Eberhart and 
Russel's b stability parameter did not effectively 
discriminate the clones according to their stability, but 
did provide information on whether the clone per- 
formed well under better growing environments or in 
poor environments. 

A stability parameter that showed a good associa- 
tion with the Eberhart and Russell (1966) and Tai 
(1971) models was Shukla's (1972) b a stability param- 
eter. The rank correlations of & with s~ 2 were 0.84 and 
0.74 for no. 1 root yield and total yield, respectively. 
Shukla's method provides a means of assigning a 
variance component due to G •  E to individual geno- 
types and a test of significance of the variance com- 
ponent. The variance component and the trait mean of 
each clone are used for selecting superior cultivars. 

The maximum performance model (D 2) (Sukarso 
and Engle 1983) presented, in general, a different 
ranking pattern of stability of 14 clones. The model 
identified NC727, Redmar, and Pope as among the top 
five desirable clones for no. 1 root yields. These clones 
were ranked poorly in other methods used in this study 
due to their large deviations from linear regression. For 
total yields, the methods also included Redmar, W152, 
and NC727 in the top five. These clones were con- 
sidered unstable by other methods. These discrepancies 
arise because D 2 is a composite index for stability and 
yielding ability of the cultivar. The method does not 
take into consideration the deviation of performance of 
a particular genotype from its linear response on 
environmental effects. Instead, the model provides 
measurement of comparative stability based on the 
deviation of cultivar performance from a regression line 
established as the ideal slope by the model. In general, 
the model has the tendency to classify cultivars that 
perform well in favorable environments as ideal, as in 
the case of Pope and Redmar. The rank correlation of 

D 2 with other stability parameters was generally low, 
ranging from 0.36 to 0.14 for US no. 1 root yields and 
0.33 to 0.28 for total yields. 

With the exception of b and &, stability parameters 
ranked the top five stable cultivars almost identically. 
For US no. 1 roots, WI51, W192, and Resisto were 
ranked at the top in the four methods used in this 
study. Therefore, if the objective of the breeder is only 
to determine the most stable cultivars, any of the 
stability parameters used in this study can provide the 
information necessary to accomplish the objective. For 
total root yield, W151 and W192 were consistently 
ranked high in the four methods used. If the main 
criteria for selection are US no. 1 root yield and sta- 
bility as they are in the United States, then W151, 
W192, and Resisto will be good selections. In countries 
in which size and quality restrictions are not stringent, 
selection is often directed to high total root yield. In such 
cases, W151 and W192 will also be logical choices. It 
should be noted that both in US no. 1 root and total 
root yields, NC939 was ranked highly by the methods 
of Eberhart and Russell (1966), Tai (1972) and Shukla 
(1972). However, US no. 1 and total root yields of 
NC939 were below average. Jewel was not identified as 
a stable cultivar by any method. Jewel is the major 
cultivar grown in the United States, and is considered 
by breeders to be very reliable with regard to perfor- 
mance in a wide range of environments. 

The method provided by Shukla (1972) may be 
preferable over the other methods because it not only 
provides estimates of stability variance associated with 
each cultivar, but it can remove covariate effects. The 
model also provides a means of testing the significance 
of b ~ to determine whether the cultivar is stable. 
However, in the absence of high speed computers, the 
calculations required to obtain stability variance can 
become cumbersome. This is particularly true if large 
numbers of genotypes are involved in the tests. 

The methods of Eberhart and Russell (1966), Tai 
(1971), and Sukarso and Engle (1983) require fewer 
calculations compared to that of Shukla (1972). Of the 
three methods, Tai's (1971) method more effectively 
discriminated clones according to their stability. Al- 
though the high rank correlation coefficients of Eber- 
hart and Russell (1966) and Tai's (1971) stability 
parameters suggest that either of the two methods can 
be used to select desirable genotypes with almost equal 
efficiency, Tai's (1971) method provides means of esti- 
mating confidence intervals for linear response of a 
clone to environmental effects as well as for the 
deviations from the linear response. These methods 
facilitate classification of clones based on stabilities of 
their performance. 
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